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RESEARCH RESULTS AND MANAGEMENT RECOMMENDATIONS 
Marlin E. Rice 
Assistant Professor, Extension Entomologist 
Iowa State University 
European Com Borer 
The European corn borer has continued to hold the spotlight as the most damaging corn 
pest during the last three years. Planting date, biological control, and hybrid selection with some 
resistance have been used to help limit the impact of corn borers but in many situations 
insecticides are necessary to prevent greater yield losses. Overall, the agricultural community has 
a good understanding of management practices for controlling first generation corn borers. 
Preventing damage from the second generation borers, however, has posed more of a challenge. 
There are several key factors in determining if a field should be sprayed. These include 
economics variables, biological variables of the insect and crop, environmental considerations, 
and insecticide timing and effectiveness. The economic and biologically variables can be analyzed 
with the European corn borer computer software (currently available from Kansas State 
University, and hopefully from Iowa State University this spring). 
This report will focus on insecticide efficacy for second generation European corn borers. 
There are several insecticides on the market that are effective against this pest. But if a chemical 
is sold as two different formulations, which would be expected to provide the best control for 
second generation borers? In the 1980's, entomologists with the USDA conducted tests in Iowa 
that evaluated Lorsban, Pounce, and several other insecticides. Some of these tests were applied 
with ground equipment, others by airplane. Some tests were conducted with artificial infestations 
and others had natural infestations. However, borer populations were at adequate levels for 
testing and ranged from 10.4 to 120 per 10 plants (Table 1). The results from these tests are very 
enlightening. In eight of eight comparisons, the granular formulation of an insecticide provided 
control that was equal to or better than the same chemical in a liquid formulation (Table 1). 
This summer, I evaluated two insecticides for control of natural infestations of second 
generation European corn borer. Five insecticide treatments were aerially applied to each of two 
different corn fields. A check treatment was included and each treatment was replicated three 
times in each field. Prior to application, field counts indicated 60 egg masses per 100 plants in 
the Joe Dunn field and 9 egg masses per 100 plants in the Del Johnson field. Insecticides were 
applied on July 29 in either one or three gallons of water (see Tables 2 and 3 for rates); the 
second application for the split Penncap-M treatment was made on August 9. Ten consecutive 
stalks in each plot were split on August 29 and the number of live borers were counted. Yields 
from each plot were estimated in the Dunn field by collecting ears from 35 feet of row (two 
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parallel rows of 17.5 feet near the original 10 split stalks). Because of unevenness in the plant 
stand, row yields were not used but ear yields served as the basis for yield estimation. Ears were 
weighed, adjusted to 15.5 percent moisture, and extrapolated to bushels per acre. Yields in the 
Johnson field were taken with a combine. The four center rows of each plot were harvested, 
weighed, adjusted to 15.5 percent moisture, and then the yield was calculated. 
The results are interesting (Tables 2 and 3). First, the trend for greater efficacy in the 
granules relative to the liquid (Pounce only) is still very evident. Second, all treatments reduced 
the corn borer population, but because of variability across replications, statistical differences 
were not detected for all of them. Third, trends in increased yields are very evident. The greatest 
yield difference in the Johnson field was a 32.6 bushel per acre increase relative to the untreated 
plots. These two tests strongly support the idea that second generation corn borers can be killed 
if an insecticide is properly timed, and there can be a substantial economic return on the 
investment. However, I do not believe that we can look at these two insecticides (Penncap-M or 
Pounce 1.5G) and determine which is the best for corn borer control. 
Looking back at the liquid versus granules comparison, why is it that the granules are 
performing better for second-generation control? My own thoughts are that there is a three-way 
interaction whereby the biology of the insect, the characteristic of the granule, and the 
architecture of the plant are all enhancing killing efficiency of the insecticide. The hypothesis is 
this. Granules being heavier than liquids will have a tendency to collect in the leaf axils. The 
leaf axils also accumulate pollen which the corn borer larvae will eat. When corn borer eggs are 
laid on the leaf, the newly-hatched larvae often travel to the leaf axil to feed before tunneling into 
the stalk. If the insecticide is also present in the leaf axil, then control is achieved. 
Recommendation for 1992: Naturally there will be debate on this issue, but the results 
from these tests strongly suggest that a granular formulation will give better kill than a liquid 
formulation of the same insecticide. 
Com Leaf Aphid 
Corn leaf aphids are sporadic pests that can occur in large numbers in whorl-stage corn. 
Many plants may support small colonies but heavily-infested plants can also be found scattered 
throughout a field. After the tassel emerges, aphid populations usually decline and are no longer 
a significant problem. This was not the situation in many fields during this very dry summer. 
The aphid populations continued to feed on the tassel and upper leaves, and in some fields they 
killed the upper 5-6 leaves. These leaves turned completely brown and were covered with aphids 
and a sticky substance known as honeydew. The honeydew is excreted by the aphids after they 
have siphoned out the nutrients from the plant. 
A small picture of the severity of corn leaf aphids this year can be viewed by examining 
data that I collected in a field near Lidderdale in Carroll County. On July 24, 15-20 percent of 
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the plants were heavily infested with aphids and had dead tassels and upper leaves. Other plants 
were categorized as having few or no aphids and with live tassels and upper leaves. Seventeen 
heavily-infested plants and 13 plants with few or no aphids were marked with flagging tape. Ears 
from these plants were collected in October. The grain from each ear was removed, weighed, and 
adjusted to 15.5 percent moisture. Yields from aphid-infested plants averaged 4.02 ounces, and 3 
of the 17 plants were barren. Yields from plants with few or no aphids averaged 6.76 ounces. If 
these yields are ad jus ted to 22,000 plants per acre, then the yields are 107 and 181 bushels 
respectively. Yields taken from four locations in the field suggest that the field average was 
around 124 bushels. 
There are very few research reports that have evaluated the yield losses attributable to corn 
leaf aphids. The most recent paper is a six-year study by Foott and Timmins (1973). Aphid 
populations on the tassel were estimated at pollination and placed into one of six infestation 
categories: none to very light (0-50 aphids), light (50-400), moderate (several hundreds on part of 
the tassel), severe (many hundreds on all of the tassel), and very severe (many hundreds on all the 
tassel and whorl leaves). Under the conditions of their experiment, they were able to control soil 
moisture levels and evaluate the problem under different environmental conditions. 
Foott and Timmins (1973) found that a light infestation (maximum of 400 aphids on the 
tassel) caused average yield reductions up to 8.3 percent when plants were under drought stress, 
but zero to negligible losses when moisture was adequate. Moderate infestations (many hundreds 
of aphids on the tassel) produced average losses up to 34.8 percent under drought conditions and 
up to 11.8 percent when moisture was abundant. Severe infestations (many hundreds of aphids 
on most of the tassel) caused average yield reductions ranging from 43.2 to 91.8 percent when 
plants were under drought stress and up to 58.9 percent under conditions with adequate moisture. 
Very severely infested plants (many hundreds on all of the tassel and whorl leaves) were usually 
barren or had ears with few kernels, regardless of moisture conditions. 
Speculations as to the reasons for yield reductions because of aphid infestations include 
injury to the tassel resulting in failure to shed pollen, accumulation of honeydew on the tassel 
which prevents pollen shed, and covering of the silks with honeydew or killing of the silks which 
prevents fertilization. However, Foott and Timmins (1973) considered none of these factors to be 
important in their study. They concluded that aphid feeding resulted in excessive removal of 
plant nutrients, thereby resulting in physiological damage which was expressed as fewer kernels 
per ear. 
When should field scouting occur to determine the need for insecticide treatment? At least 
two weeks before pollination, the whorls should be opened and the populations evaluated. Foott 
and Timmins (1973) warn that populations recorded at this time can increase by two levels of 
infestation, i.e., from very light to moderate, light to severe, etc. The damage potential would be 
based on the percentage of plants infested which would occur in the moderate to very severe 
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categories at pollination and the amount of rainfall already received and forecasted (Foott and 
Timmins 1973). 
What kind of weather conditions are favorable for increases in aphid populations? Foott 
and Timmins (1973) examined the literature and noted that there was really a wide range of 
opinion on the subject. They did note that hot and dry conditions should be the most favorable 
for population increases, based on the assumption that aphids reproduce faster at higher 
temperatures. On the other hand, aphid populations were adversely affected by severe 
rainstorms. 
Recommendation for 1992: Economic thresholds for Iowa conditions and hybrids have not 
been determined. It would not be unreasonable to follow the advice of Foott and Timmins 
(1973) and evaluate the population two weeks before pollination and estimate the potential yield 
loss based upon infestation categories and the influence of soil moisture conditions and projected 
rainfall. 
Annual White Grubs 
Two groups of white grubs are found in Iowa croplands; the true white grubs, Phyllophaga 
spp., which are known to cause crop losses, and the annual white grubs, Cyclocephala spp., 
which have not been implicated in stand reductions. White grubs in a corn or soybean field have 
a tendency to produce both curiosity and anxiety in the farmer that finds them. They are 
occasionally abundant enough to be detected during preplanting or planting operations. This 
raises the question as to why there are so many grubs in a particular field, and then what damage 
will they cause to the plant stand. We know that true white grubs can be devastating insects, but 
historically, Iowa State entomologists have stated that annual white grubs do not cause stand 
loss. However, some damage from annual white grubs has been reported in Indiana corn 
(Edwards eta!. 1990). 
Experiments were conducted during the past two years to gain additional insight into the 
relationship of annual white grubs and their impact on plant damage. Annual white grubs and 
soil were collected from fields in Woodbury County on May 11, 1990 and May 13, 1991 and 
returned to the lab where the soil was sifted and placed in pots. Either two corn or soybean 
seeds were planted in the center and three, six, or nine grubs were placed around each pair of 
seeds and covered with soil. Each pot contained approximately 0.58 cubic foot of soil. A check 
treatment contained no grubs and each treatment was replicated five times. When the second 
seedling emerged from the soil, it was removed from the pot so that only a single plant remained. 
Plants were removed 27 days later and measurements were taken on leaf area, dry root weight, 
and total dry plant weight. 
98 
In soybeans, up to nine grubs per plant did not have any noticeable effect on dry root 
weight, total dry plant weight, or leaf area (Table 4). Feeding scars were present on some 
cotyledons when they emerged but this did not affect plant survivorship or plant size. 
A similar situation was seen in the 1990 corn test. All pots had plants emerge and there 
were no differences in leaf area, dry root weight, or total dry plant weight when compared to the 
uninfested plants. All pots had seedlings emerge but a few seeds had feeding injury deep into the 
endosperm. 
Differences were detected in the 1991 corn experiment. Leaf area, root weight, and total 
plant weight were significantly reduced, relative to the plants with no grubs, but only where there 
were nine grubs per plant. I am not overly concerned about this finding because I have not seen 
annual white grub populations this high under natural field conditions. Although somewhat 
subjective, one or two grubs per turn of the shovel is a high population in fields I've examined. 
Based on this study, the hypothesis still stands that annual white grubs do not cause 
significant damage to corn or soybeans. The reason may be just a matter of synchrony; the grubs 
are done feeding and ready to pupate about the time that corn planting occurs. In the 1990 
experiment, 36 percent of the grubs had pupated when the plants were removed from the pots. 
White grub recommendation for 1992: Because of differences in the ability to cause stand 
loss, correct identification of true white grubs is necessary. In corn, a soil insecticide should be 
used only if true white grubs are detected prior to planting or if stand loss occurred last year. 
Do not use an insecticide in first-year corn if only annual white grubs are found. 
Potato Leafhopper in Alfalfa and Soybeans 
Weather systems from the south carried large number of potato leafhoppers into the state 
this summer. Adults were first detected in alfalfa near Ames on May 17. Many alfalfa fields in 
central Iowa were subjected to an extraordinary amount of damage even before the first cutting. 
Plants were severely yellowed with hopperburned leaves. I surveyed six fields in Story, Boone, 
and Webster counties on June 23 and all fields had at least 20 leafhoppers per sweep, with 30-40 
being more the average. One field near Ames had an astounding 107 leafhoppers in one sweep. 
Potato leafhoppers feed and remove plant juices, thereby blocking the normal movement of 
fluids within the plant. This blockage results in a V-shaped yellowing on the leaves, commonly 
referred to as hopperburn. Leaves showing hopperburn do not recover after the insects have 
been eliminated with an insecticide, but plants will return to their normal green after the hay has 
been cut. Of course, leafhoppers can migrate back into the field and cause hopperburn on the 
regrowth. 
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When feeding is intense, there will be losses in yield . The most obvious expression of yield 
loss is the reduced stem height. Damaged plants are severely stunted, often to the point of 
providing opportunities for increased weed growth. Losses in harvest tonnage are usually 
attributed to this stem-shortening response. If leafhopper damage is prevalent over several 
regrowth periods, winter survival of the crop may be reduced. An additional impact of potato 
leafhopper feeding on alfalfa is the delay in maturity of the crop. In some situations, the delay 
may be extreme enough to eliminate a fmal harvest in the fall. 
Thresholds in alfalfa are one-tenth of a leafhopper for every inch of alfalfa height up to 10 
inches, and then 2 leafhoppers per sweep for hay that is taller than 10 inches. As an example, the 
threshold in 4 inch tall alfalfa would be 0.4 leafhopper per sweep, 9 inch tall alfalfa would be 0.9 
leafhopper. But to accurately make this assessment, you need to get a sweep net. Nets can be 
purchased from Ward's Natural Science Establishment (1-800-962-2660, net # 10W0560, $26.35) 
and I would suggest replacement sweep net bags from Bio-Quip Products (1-213-324-0620, bag 
#7215HS, $8.80). 
Potato leafhoppers also damaged seedling soybeans in central and northern Iowa. Plants 
that showed most of the damage emerged during the latter half of June. Symptoms included 
cupped, crinkled leaves with brown leaf tissue at the tip, with some leaves dying from the 
leafhopper feeding. Research conducted by Ogunlana and Pedigo (1974) examined the impact of 
leafhoppers on V1 stage soybeans in greenhouse experiments. They found that plants with one 
trifoliolate are at risk from leafhopper damage. Preliminary economic injury levels were 
developed and can be calculated for any current treatment costs and soybean market value. The 
economic threshold uses the treatment cost divided by the value of the crop per bushel, and this 
value is then divided by a regression coefficient of 1.55. The resulting value is the number of 
potato leafhoppers per plant that are required to justify an insecticide treatment. Here's an 
example: ($10 treatment cost/$5.90 soybeans)/1.55 = 1.09 leafhoppers. Approximately 1.1 
leafhoppers per plant would be the economic threshold under this set of conditions and with 
plants in the VI stage. Potato leafhoppers are rarely economic pests in soybeans. However, 
seedling plants with dying leaves should not be ignored and the need for an insecticide to prevent 
further damage may be justified. 
Recommendations for 1992: Use the thresholds above to determine the need for insecticide 
treatment, or cutting in alfalfa. 
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Table 1. Synopsis of USDA data comparing performance of liquid and granule formulations 
for control of second generation European corn borer, Iowa, 1985-1989. 
% Reduction % Reduction 
ground applied air applied 
----------------------------
---------------------------------------
Insecticide ai/a #1 #2 #3 #4 # 5 #6 #7 
----------------- ---------------------------- ---------------------------------------
Lorsban 4E 1.0 62.0 4.0 37.5 26.2 86.6 87.1 54.9 
Lorsban 15G 1.0 73.0 80.1 69.7 72.2 92.5 90.3 68.3 
Pounce 3.2E 0.15 18.7 
Pounce 1.5G 0.15 83.3 
Cavities/10 plants 19.0 68.7 10.4 120 70.0 35.0 26.1 
Table 2. Evaluation of aerial application of Penncap-M and Pounce for suppression of second 
generation European corn borer, Dunn field, Indianola, Iowa, 19911• 
Insecticide ai/a Larvae/10 Plants2 %Reduction Estimated Bu./A2 
----------------- ---------- ----------------------- ------------------ -----------------------
Penncap-M 0.75 8.3abc 39.4 164.3a 
Penncap-M3 0.75 2.7a 80.3 154.6a 
Penncap-M 0.5+0.5 4,7ab 65.7 158.2a 
Pounce 3.2E 0.15 11.0 be 19.7 158.1a 
Pounce l.SG ·o.15 4.3ab 68.6 157.9a 
Untreated 13.7 c 147.0a 
1Insecticides applied July 29; second split application of Penncap-M applied August 9. 
2 Numbers in the same column and followed by the same letter are not significantly different 
(P=0.05, FPLSD). 
Yrhis liquid formulation applied in 3 gallons of water, all other liquids applied in 1 gallon. 
1:::>2 
Table 3. Evaluation of aerial application of Penncap-M and Pounce for suppression of second 
generation European corn borer, Johnson field, Indianola, Iowa, 1991 1. 





Penncap-M 0.75 8.7a 63.8 170.5a 
Penncap-M3 0.75 10.7a 55.4 159.7ab 
Penncap-M 0.5+0.5 8.3a 65.4 163.3a 
Pounce 3.2E 0.15 ll.Oa 54.2 155.3ab 
Pounce 1.5G 0.15 4.7a 80.4 160.4ab 
Untreated 24.0 b 137.9 b 
1lnsecticides applied July 29; second split application of Penncap-M applied August 9. 
2Numbers in the same column and followed by the same letter are not significantly different 
(P=0.05, FPLSD). 
~is liquid formulation applied in 3 gallons of water, all other liquids applied in 1 gallon. 
Table 4. Damage assessment of annual white grub larvae, Cyclocephala, on seedling corn and soybean. 
Corn1 Soybean1 
Grubs per Leaf area Root weight Plant weight Leaf area Root weight Plant weight 
Year plant cm2 grams grams cm2 grams grams 
1990 0 609a 1.95a 4.26a 182a 0.26a 0.95a 
3 565a 1.52a 3.61a 172a 0.19a 0.92a 
6 649a 1.40a 3.74a 177a 0.19a 0.94a 
9 523a 1.33a 3.19a 148a 0.16a 0.77a 
1991 0 493a 2.84a 5.42a 347a 0.62a 2.48a 
3 429ab 2.14ab 4.16ab 347a 0.52a 2.26a 
6 464a 2.62ab 4.90a 319a 0.64a 2.30a 
9 289b 1.46 b 2.90 b 298a 0.56a 2.12a 
1Means values (same column and same year) followed by the same letter are not significantly different 
P = 0.05 (FPLSD). 
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